Creeping bentgrass is a widely used turfgrass species on golf course greens, tees, and fairways in the northern United States. A disadvantage of using creeping bentgrass is its vulnerability to a wide range of pest problems. Annual bluegrass (Poa annua L.) is a serious weedy grass problem in creeping bentgrass putting greens (Turgeon, 2002) . No herbicide chemistry is available to consistently effectively control annual bluegrass in creeping bentgrass.
Glyphosate (the active ingredient in Roundup ® brand herbicides) is a broad-spectrum herbicide that is toxic to plants, fungi, and bacteria (Gresshoff, 1979) . Glyphosate s mode of action is through inhibition of 5-enolpyruvylshikamate 3-phosphate (EPSP) synthase. EPSP synthase catalyzes the formation of EPSP from shikimate 3-phosphate and phosphoenolpyruvate (PEP). Glyphosate inhibits this reaction by interfering with binding of PEP (Thompson et al., 1987) . Glyphosate-resistant crops have been developed by genetically engineering plants with a gene that codes for an EPSP synthase protein with lower sensitivity to glyphosate (Thompson et al., 1987) .
The Monsanto and Scotts companies have collaborated in the development of genetically engineered creeping bentgrass cultivars that are resistant to glyphosate via the heterologous expression of a gene from the CP4 strain of Agrobacterium sp. encoding for a glyphosate-resistant form of EPSP. The gene and construct are similar to those used to modify other glyphosate-resistant crops, such as soybean [Glycine max (L.) Merr.] (Padgett et al., 1995) . Adoption of glyphosate-resistant creeping bentgrass could potentially simplify and improve the control of a wide array of invasive annual, biennial, and perennial grass, broadleaf, and sedge species that can invade golf turf. The availability of glyphosate as an over-the-top treatment on glyphosate-resistant creeping bentgrass could significantly reduce the need for many of these herbicides, resulting in several important environmental, health, and safety benefits (Padgette et al., 1995) .
Glyphosate binds rapidly to the soil, making it resistant to leaching (Gustafson, 1989) . It has low toxicity to mammals, birds, and fish and is one of the few commercially available herbicides classified as "Category E" by the EPA (evidence of non-carcinogenicity for humans).
Transgenic plant cultivars are regulated in the United States by the USDA, EPA, and FDA. These agencies assess the human and environmental safety of these new crop varieties, and their approval is required prior to commercial release. The USDA in particular performs an environmental risk assessment, which includes a determination of whether glyphosate-resistant cultivars are any more likely to become a weed than cultivars developed by traditional breeding techniques. Therefore, in contribution to this risk assessment, our study was designed to compare the relative lateral spread rates of several glyphosate-resistant lines to their respective non-transformed parents and to traditional creeping bentgrass cultivars when transplanted into a mature and competing turf stand. The results of this study will help clarify whether glyphosate-resistant creeping bentgrass cultivars have gained competitive ability greater than their non-transformed parents or current commercially available cultivars.
Materials and Methods
Bentgrass plant tissue that received DNA conferring tolerance to glyphosate was embryonic plant callus from single seeds of creeping bentgrass identified as B99054P, B99061R, and C99056L. Biolistic transformation was used to produce the glyphosate-resistant events (Lee, 1996) . These cells were transferred to selective media containing glyphosate and only those cells transformed with the cp4 epsps gene continued to grow. This is a single insertion event and acts as a dominant trait. The events selected for this study were chosen from among these transformed plant cells.
For each reference cultivar, random seedlings from commercial seed lots were grown in pots and then cloned from stolon nodes grown in Jiffy Pellets (42-mm diameter; Jiffy Products of America, Batavia, Ill.) in a cold frame in Gervais, Ore. (Table 1 ). All plants were cloned at the same time to maintain age equivalence. All other events and non-transformed controls were clones from stolon nodes. The plants were irrigated to prevent drought stress and fertilized to eliminate visible nutrient deficiencies. Plants were maintained at 1.25-cm height of cut. Plants of similar age and size were selected for planting in established turf environments. To whom reprint requests should be addressed; e-mail address: gardner.254@osu.edu Kentucky bluegrass established in 1996. The turf at the Oregon location was a uniform stand of 'Victa and 'Abbey Kentucky bluegrass and 'Divine and 'Majesty perennial ryegrass (Lolium perenne L.) that was established in 1998. The turf plots at each location were maintained under a medium-high maintenance regime and were in good condition.
Soil cores (35 mm in diameter and 60 mm deep) were removed from the original turf area on 60-90 cm centers with an auger bit. Bentgrass plugs were transplanted directly into the core holes so that the plant crowns were at or slightly below the soil surface and with firm contact between the Jiffy pot media was and the field soil. The plots were irrigated as needed to prevent stress during a 6-week establishment phase, and then irrigated to maintain the existing turf.
Plots were mown regularly at a clipping height of 1.25 cm in Oregon, 3.75 ) was applied at the New Jersey location in June 2001 to adjust the soil pH. Bensulide (O,O-diisopropyl S-2-phenylsulfonylaminoethyl phosphorodithioate) was applied in Aug. 2000, and dithiopyr (S,S -dimethyl 2-difluoromethyl-4-isobutyl-6-trifluoromethylpyridine-3,5-dicarbothioate) was applied to the plots in New Jersey in May 2001 for control of weeds. In Oregon, Dicamba (3,6-dichloro-O-anisic acid) was applied to the plots in Mar. 2001. All pesticides were applied at label rates. However, no pesticides were applied to the plots at the Ohio location.
Bentgrass plant diameter was measured in centimeters during the first week of each month of the growing season. Mean plant diameter was calculated as an average of two perpendicular measurements made on each tiller plot. Field monitoring data was collected monthly noting the presence and intensity or absence of disease (earthworms, etc.) . The duration of the study was based on previously published reports concerning bentgrass population dynamics (Cattani et al., 1991; Jonsdottir, 1991) .
The study was conducted as a completely randomized design with three replicates at each of three locations. Analysis of variance with all locations combined revealed significant location effects (SAS Institute, 1990) . Therefore, the data were analyzed separately for each location. Means were compared using Fisher s protected LSD, which was chosen because it has the highest power of the pair-wise separation procedures and individual comparisons were of more interest than experiment-wise comparisons in this study (Carmer and Walker, 1985; Chew, 1976) .
Results and Discussion
Lateral spread of all the creeping bentgrass cultivars and lines was significantly (P = 0.05) greater in Oregon as compared to New Jersey and Ohio (analysis not shown). Increased lateral spread recorded in Oregon may have been due to more favorable growing conditions in Oregon. Additionally, in Oregon the height of cut was 1.25 cm and bentgrass is more tolerant of low clipping heights than either the Kentucky bluegrass and perennial ryegrass turf (Beard, 1973; Turgeon, 2002) . In both New Jersey and Ohio, the higher height of cut may have favored the bluegrass over creeping bentgrass entries. Other factors may also have contributed to the differences between locations, including soil type and cultivars or species composition in the test plots. Because of the significant location effects, the data were analyzed separately by location. At all locations, no differences between the reference, non-transformed or transformed lines, were observed when monitoring disease incidence, insect susceptibility, presence or absence of beneficial organisms, plant growth characteristics, or aggressiveness characteristics on any date (data not shown). Several of the lines tested in this study are no longer being considered for commercial release. The lines of primary interest in this study were ASR 333, ASR 365, and ASR 368.
New Jersey. At New Brunswick, N.J., several transformation events did not survive after May 2000 ( Table 2 ), indicating that they lacked competitive ability necessary to persist in a stand of Kentucky bluegrass. However, the mean diameter of one of the lines of interest, ASR 368, was greater than its corresponding non-transformed parent (B99061R) during Sept. 2000, May 2001, and July 2001 ( Table  2 ). The diameter of ASR 368 was statistically similar to each of the reference cultivars for every rating over two growing seasons during the study period. ASR 368 was also statistically equivalent to non-transformed parent plant B99054P during every month during two seasons of growth except Sept. 2000.
Two other lines of interest, ASR 333 and ASR 365, were significantly smaller than 'Penncross and 'Crenshaw , but similar in plant diameter to their non-transformed parents, C99056L and B99061R, respectively, and 'Penn A-4 ( Table 2 ). Diameters of ASR 333 were also smaller than those of 'Penncross during Sept. 2000, and were smaller than 'Penncross and 'Crenshaw from May through July 2001. Throughout the study period, the diameter of ASR 365 was equivalent to its non-transformed parent control, but smaller than 'Penncross .
Oregon. At the Oregon location, several of the transformation events were smaller in mean diameter than their corresponding nontransformed parent throughout the study period (Table 3) . However, the mean diameter of ASR 368 was larger than that of its non-transformed parent (B99061R) during Aug., Nov., and Dec. 2000, but was equivalent during September (Table 3 ). ASR 368 was not different from any of the reference cultivars during Sept. through Dec. 2000 and was statistically equivalent to 'Penncross in August. No differences were observed in the lateral spread of ASR 333 or ASR 365 compared to their non-transformed parents (C99056L and B99061R, respectively) or plants from at least one of the reference cultivars during Sept. to Dec. 2000. The lateral spread of ASR 365 was equivalent to all reference cultivars during January through March, but was significantly less than both 'Crenshaw and 'Penncross during Apr. 2001. Lateral spread of ASR 365 was statistically equivalent to that of its non-transformed parent control from Jan. through Apr. 2000. Lateral spread of ASR 365 was statistically similar to B99061R for each rating from May through August and was statistically equivalent to at least one of the reference cultivars from May to July. However, ASR 365 was significantly smaller than the reference cultivars during August.
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The lateral spread of ASR 333 was equivalent to its non-transformed parent, C99056L, and reference cultivar, 'Penn A-4 , from January to April. Plant diameter of ASR 333 was statistically similar to 'Penn A-4 from May to August, but was smaller than that of C99056L, 'Crenshaw , and 'Penncross during June, July, and August (Table 3) .
In contrast, the mean diameter of ASR 368 was significantly larger than its corresponding non-transformed parent, B99061R, from January to March and also June 2001, but was statistically equal to it in Apr., May, July, and Aug. 2001. However, throughout January to April, mean diameter of ASR 368 was statistically equivalent to mean diameter of plants from at least one of the reference cultivars and the non transformed plant C99056L. By July and August, ASR 368 was within the lateral spread range of 'Penn A-4 , 'Crenshaw , and 'Penncross (Table 3) . No novel traits were exhibited by ASR 368 in Oregon that one could consider as adding any ecological advantage or disadvantage over conventional creeping bentgrasses.
Ohio. No-statistically significant differences in lateral spread were observed for any date at the Marysville, Ohio, location except in Nov. 2000 and April 2001 (Table 4 ). The density of the Kentucky bluegrass stand as well as some competition from broadleaf weeds, such as dandelion (Taraxicum offi cinale G.H.
Weber ex Wiggers) and white clover (Trifolium repens L.), resulted in more variation among replications of the same cultivar or line than were observed between cultivars and lines.
Conclusions
Most transgenic creeping bentgrass lines that are resistant to glyphosate displayed no additional increase in vegetative spread or relative fitness compared to traditional nontransgenic creeping bentgrass when competing with other species such as Kentucky bluegrass and perennial ryegrass maintained as turfgrass. One line, ASR 368, was occasionally more competitive than its non-transformed parent at the New Jersey and Oregon locations, but not at the Ohio location. However, on most dates, it was not more competitive than the commercial cultivars tested. The results from three diverse environments indicate that the heterologous expression of the Agrobacterium cp4 epsps enzyme, conferred no competitive advantage compared to non-transgenic creeping bentgrasses. These results indicate that the rate of lateral spread of ASR 368 in turf falls within the range of commercially available cultivars, and appears similar to its non-transformed parent control at the end of the study period. The other lines evaluated appear to have no more fitness or competitive advantage in turf situations than existing non-transformed control lines and commercial cultivars of creeping bentgrass under growing conditions in New Jersey, Ohio, or Oregon. Therefore, these transgenic lines would not be expected to have a competitive advantage in vegetative growth over non-transformed creeping bentgrass in either managed or unmanaged ecosystems. The variability in creeping bentgrass lateral spread observed in this study is less than that typically observed due to differences in climate and cultural practices, such as mowing, irrigation, and fertilization (Beard, 1973; Holt and Payne, 1951; Turgeon, 2002) .
